Gephyrin is the key scaffolding molecule organizing the postsynaptic density at inhibitory synapses. Utilizing localization microscopy, Specht et al. (2013) report in this issue of Neuron on the quantitative assessment of gephyrin clusters and associated glycine receptors and GABA A receptors.
Chemical synapses in the CNS are complex cell-cell junctions that serve as interneuronal communication. Distinct scaffolding molecules organize elaborate cytomatrix structures at the cytoplasmic surfaces of both synaptic membranes. While presynaptic cytomatrices of excitatory and inhibitory synapses share similar molecular organizations, postsynaptic specializations, called postsynaptic densities (PSDs), have evolved organizational principles based on different protein families. Excitatory synapses assemble a double-layered PSD with membrane-associated guanylate kinases (MAGuKs) of the PSD-95 subfamily (layer 1) and Shank/ProSAP family members (layer 2) as key scaffolding components. At inhibitory synapses, a single protein, gephyrin, forms the major scaffold for recruitment of inhibitory neurotransmitter receptors, synaptic cell adhesion molecules (CAMs), and cytoplasmic signaling components into the PSD (Sheng and Kim, 2011) . Gephyrin was originally identified as a peripheral membrane protein that tightly associates with the glycine receptor (GlyR) complex (Pfeiffer et al., 1982; Kneussel and Betz, 2000) . It was shown to bind to the cytoplasmic loop of the b-subunit of the GlyR and to interact with similar sites of a variety of GABA A receptor (GABA A R) subunits. Gephyrin molecules are hypothesized to form a hexagonal planar lattice that provides docking sites for inhibitory GlyRs and several subtypes of GABA A Rs (Figure 1 ; Kneussel and Betz, 2000; Tretter et al., 2012) .
By analogy, this arrangement suggests that synapses can be considered as small stochastic signaling devices based on chip-like intracellular scaffolds. To assess the capacity and the integrative power of such a device, one has to know several parameters: how many scaffolding elements does it contain and how many functional elements, i.e., receptors, CAMs, or downstream signaling components, can it accommodate? What is the packaging density of the scaffold and what the dynamics? Can these parameters be regulated and, if yes, how?
With their study published in this issue of Neuron, Specht et al. (2013) have addressed these questions for gephyrin-based inhibitory synapses. To this end, Specht et al. (2013) applied photoactivated localization microscopy and stochastic optical reconstruction microscopy (PALM/STORM) to determine exact quantities and to follow the dynamics of gephyrins, GlyRs, and GABA A Rs in individual PSDs. Attachment of specific fluorophores to the molecule of interest is a prerequisite for the application of localization microscopy. In the first instance, Specht et al. (2013) have used expression of recombinant gephyrin tagged with the photoconvertible fluorophores mEos2 and Dendra2 for their PALM/STORM experiments. To circumvent misinterpretations due to protein overexpression, they have taken advantage of a knockin mouse expressing mRFPgephyrin and thereby could confirm the quantification of molecule numbers and local densities.
A major challenge in single-molecule imaging is the resolution along the optical axis. In pioneering work, Huang, Zhuang, and colleagues have demonstrated that exploiting the astigmatic deformation by a cylindrical lens makes it possible to determine the exact z position of a fluorophore and have used this method to obtain three-dimensional (3D) superresolution images from brain synapses (Dani et al., 2010 and references cited therein). In their study, Specht et al. (2013) have used adaptive optics and a previously developed algorithm to obtain 3D information for their fluorophore-tagged molecules. They have observed three different types of inhibitory synapses with their nanoscopic approach, i.e., live and fixed synapses in dissociated spinal cord neuronal cultures, fixed spinal cord synapses in situ from the mRFP-gephyrin knockin mice, and inhibitory merely GABAergic synapses in the cortex of these mice. Generally, the parameters extracted from these studies concerning size and dimensions of inhibitory synapses are entirely compatible with previous findings obtained by electron microscopy.
An interesting finding is that synaptic gephyrin fields are organized in subdomains and seem to have differential receptor occupancies. Live imaging revealed that these subdomains can alter their shapes and positions on the timescale of minutes. This is reminiscent of what was observed recently for different scaffolding proteins in excitatory PSDs (MacGillavry et al., 2013; Nair et al., 2013) . There, for instance, dynamic nanodomains of the MAGuK PSD-95 have been observed to primarily associate with GluA2-containing AMPA receptors. Nanodomain dynamics seem also to underlie homeostatic scaling processes at synapses, as chronic changes in network activity can affect the extension of PSD-95 clusters (MacGillavry et al., 2013) .
In GABAergic forebrain synapses, gephyrin clusters primarily colocalize with GABA A Rs (Tretter et al., 2012; Specht et al., 2013) . A recent study on CAMs involved in organizing inhibitory synapses provides a mechanism concerning how intrasynaptic nanodomains might be designed (Woo et al., 2013) . While Neuroligin-2 codistributes with gephyrin and GABA A Rs, the immunoglobulin superfamily member IgSF9 defines gephyrin-free domains in the inhibitory postsynapse. Transsynaptic action of CAMs might also coordinate the alignment of pre-and postsynaptic molecular subdomains and thus contribute to faithful synaptic transmission and plasticity. Specht et al., (2013) indicates that the packaging density is higher for GlyR subdomains (light blue area) than for subdomains occupied by GABA A Rs. Theoretically this could be achieved by a smaller mesh size of the lattice (indicated by the iris with question mark) or by gaps within the assembly of the lattice (light green area).
Another exciting aspect of the study by Specht et al. (2013) concerns the variability of numbers and packaging densities of gephyrins and its differential interaction with inhibitory receptors. Purely GABAergic synapses harbor about 200 (40-500) gephyrin molecules and 30-200 GABA A Rs, which are also organized in ''microclusters'' as determined by combining electrophysiology and immunoelectron microscopy for cerebellar interneurons (Nusser et al., 1997) . When corrected for the size differences of analyzed synapses, the densities for gephyrins and GABA A Rs were calculated at 4,500 molecules per mm 2 and 1,250 receptor complexes per mm 2 , respectively.
This indicates relatively high (>50%) occupancy of available receptor docking sites when assuming that each pentameric receptor complex contains two gephyrin-binding subunits and each gephyrin molecule offers one binding site. The situation is different at spinal cord synapses that incorporate both GlyRs and GABA A Rs. In these synapses, the packaging density of gephyrins as detected by Specht et al. (2013) is twice as high as in GABA A R-only synapses, suggesting that binding of GlyRs can affect the compactness of the hexagonal gephyrin lattice in the PSD (Figure 1 ). Differences in density could either be caused by different conformations of the lattice or by the removal of individual gephyrins from the tightly packed scaffold. A recent biochemical study indeed suggests that different splice variants of gephyrin can form hexameric complexes of different stability and that the cytoplasmic loop of the GlyR b-subunit stabilizes these complexes for all but one splice isoform (Herweg and Schwarz, 2012) . In addition, phosphorylation of gephyrin and/or receptor subunits can modulate binding affinity and assembly of gephyrin clusters and their association with receptors, whereby the affinity of gephyrin is in general significantly higher for GlyR-b subunits than for the cytoplasmic loops of GABA A R subunits (Tretter et al., 2012) . Currently, however, it is unclear whether an increased stability of gephyrin clusters goes along with tighter packaging within the lattice. Considering the packaging density for GlyR-containing PSDs of about 100 nm 2 per gephyrin molecule (Specht et al., 2013 ) and a dimension for gephyrin E-domain dimers in the range of 5 3 11 nm as calculated from cocrystals with GlyR-b loop peptides (Kim et al., 2006) , plus assuming a roughly planar arrangement of the gephyrin lattice, indicates a very tight scaffold packaging underneath the postsynaptic membrane of glycinergic synapses.
The different affinities of the GlyR b-subunit and the various GABA A R subunits may be the basis for the difference in activity-dependent regulation in receptor occupancy of spinal cord synapses. Obviously, numbers of both types of receptors in the postsynaptic membrane correlate with the number of available gephyrins. However, while GlyRs are basically not affected by long-term changes in network activity, network silencing with the sodium channel blocker tetrodotoxin significantly reduces GABA A R numbers in these synapses. Gephyrin numbers seem to be only slightly reduced during this treatment. Reduction of GABA A R occupancy is strongest at synapses with low GlyR contents, whereas the GABA A R-gephyrin ratio is essentially unchanged in synapses with high GlyR content (Specht et al., 2013) . This indicates that synapses dominated by GlyRs seem to be less plastic and may serve more hardwired functions than mainly or purely GABAergic synapses.
What are the implications for the plasticity of GABAergic brain synapses and why care about counting their scaffolds and receptors? GABAergic brain synapses display a high degree of structural and functional plasticity (e.g., Nusser et al., 1997) ; however, their investigation lags far behind that of excitatory synapses (Kullmann et al., 2012) . GABA A Rs show a similar trafficking, lateral mobility, and modes of regulation as AMPA receptors in glutamatergic synapses. A strong motivation to have a closer look at them is to define the structural basis for their synaptic transmission, which is strongly influenced by the amount of transmitter released, the dwell time of transmitter in the synaptic cleft, the population of receptors that are activated, and the composition of these receptors. In addition to these parameters-to date mainly explored for the more homogenous population of glutamatergic synapses-one might wonder if the enormous diversity of inhibitory neurons (Klausberger and Somogyi, 2008) , and hence their tuning capability for neuronal networks, is reflected in the molecular composition of their synapses. How strongly is the diversity in firing properties of different interneurons mirrored by postsynaptic parameters? The determination of the density of scaffolds and anchored receptors can provide important information about these issues. Receptor occupation rates can tune the amplitudes of evoked currents and hence profoundly influence the impact of a given synapse on the network (Barberis et al., 2011) .
The quantitative imaging approach reported by Specht et al. (2013) when combined with state of the art electrophysiology and appropriate pharmacology will allow scientists to explore exact numbers of molecules and to monitor stochastic as well as plasticityrelated processes at individual synapses of different types. To achieve this, two experimental obstacles need to be overcome: the temporal resolution has to be improved for counting large amounts of molecules in the range of seconds and below, and the application of single-molecule microscopy needs to become applicable to living brain tissue (i.e., cultured or acute brain slices). Solving these technical issues will enable investigators to quantitatively monitor multiple synapses, both excitatory and inhibitory, in parallel and interdependently and to understand their role in functional networks. Recently designed Human Brain Mapping Initiatives will develop a high demand for this type of quantitative information.
